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m^m 1 ] 

BMP V i-)i^mm^nm-r^mw.^. ^itmmm (omm<owiiBm(^^mmi-^ mtm i 

[W^t^^ 6 ] 

BMP V ± ^mm-r^mn^ ^immm-^m^mm Km^<^xii!kmLxis<jim. 

jO-o, BMPvi/-:h;WE^^«JtiJi-*%K^:8-'fl:^^*»3<^^^<^ifc0^<^^^Sn-t- 
'5^ ft^]^! ~4<^M^t*»l:S^3IBft<^>:^&o 

1 0 1 

* -S. Iff 1 ~ 9 Oi^tiTb* 1 :S I' iB«<^:5-ifto 

im^Mi 1] 

1 2 ] 
1 3 1 

[m^-m. 1 4 1 
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[0 0 0 1 1 
10 0 0 2 1 

Co 0 0 3] 
[0 0 0 4] 

^(Dfztb. ^mxii^t>fLfz'tsmmm^^'^mzmm-r^:f3mi. 't->yf^<Dx^mKUib 
x:^mxh^h^^hfi:ho m^. W3<^^m^^fzmmxii^ m^-^-h^mm^j:'t-mmm^ 
jmL. ^fii^i^'t^m.mz^mi-^t^ mmmmii'(s^mmmtvxm)}t<zmm-r^^t 

[0 0 0 5] 

mmmmiiL<\mmmt Lxm(bii-Km^X'^^mmmmiiM,m^tix\^^^j:\,^fztt>. ± 
^(Dyjm^mmi-^fztbizii, x y)^»itx0'm^j:^itm'S:^Lx\^^^0^mm^m^<om 

[0 0 0 6] 

mi^^mU (piuripotent stem cells) tit. tft@tlrrt^«t- i »3 *^<b^S^i5&o 
^ii, t5fJ*.^fl<jX{4ft^F^<^«iiJi75^*^i|-e^i9. iE-^^^ S^ML. 

it-fhmtl-^i>':>fzmmh^m^Mo #tg14#«i:LT(±. :&D^KJ:«9#^$ 

tL-SE14I^M (embryonic stem cells : ES») ^ M^<^$&J^.^51»;*>'b#.j||$ tL 
SKtt^5it^l!& (embryonic germ cells :EGm) , Lt:^#'tfl;6*?>#SI$ :iL-&^A 
M^t^tt^m (multipotent adult progenitor cells : MAPC) OStt^^S^) «t <^hfl 

[0 0 0 7] 
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Tt?. ejfil?^ia#H^ (leukemia inhibitory factor : LIF) ^05-'ftW*IJHi^t^^E^ 
■^■fK^m^m^not. ESmmm±^mm. mmL. (embryold body:EB) t 

[0 0 0 8] 
[0 0 0 91 

1995^, ihovi^onh mmx m^^m-b- hESMfk^m tL\^ f z h iz X ^) ^ ^m^nmm' 

^Lfz m^V^lnM. 6 #Rg) o i 7t ^ Gearhart hki. > *&il^5it^J!a5&» ^ YmMU^ ^ 
[0 0 10] 

•7 ^ ;^Esmm t mm. ^ > es^bS/^^ e ^) 'i:>^/iai&7{ts'^'fbif ^-e § c: t a . Kehat ib ( 

##K=:S:®t 8 J: TOunhui h (IW^-XM. 4 . $¥il^fl^Xn 9 #RB) J: ») ^-g- ^ 

Tv^<2,o ^ivh(Dm.^i<'x^t. YEsmfk^^h^^mmLfz^L-^mmmii. ^^L^W}m^ 

^T'-^^K (artial natriuretic peptide ; ANP) ^<^'l:^^#M6tJMa®^^ GATA-4^Nkx2. 
5. MEF-2c^<^'ll>^#M6<Jte¥ia^«'^3K • a^LTV>^ t iz, 

[0 0 11] 

> 'll^^»J^iLH^c^>«Mla^^ J^iLl=MJ!a^ ^$^mm> Mirm^fla. -t-fctiem 

[0 0 12] 

•9^ 'i:>ISMX{±-?-otr^«i: LXOMM'^^-t^mMili^i-^lf^^^^ifhMo 

>f->> (G418) m^Mm'^^^mLn^Ais=p:^ty v^. ^ 7,Esmmzmx-t ^ ^ t 
tzj;(3, ^<DEsmm*^'t-^mmiz-$^itL. ^fiizw\^^am.^ti^>mmMm=f-^^mvfz 

^0<^. G418*?35Snb7^c^Sfe1't:-^^L#^^=^«^L^^ (#fi=jtMi. ^#if:S:S^4# 

;s»^)0<^. M^&}iznhti:h'L'>mmjkmt. ^mm,^(7)^^-^-'i^> hmmizMW-r. mm 
mm iz 'Z^m ^j: 't-mmu =ir # * <^ ci -e « ^ o 

[0 0 13] 

SiS, Chunhui?>{i^ hESm«r5-T-f v^i^^-e^Stai"* i i: Jli ») . EB>^'<^ha 

Ji^-^ii^i* u^m) mmi)n5%^-hu%izmi}a'r^^t^m^Lfz mmff^xm.smm) 

>^^)Hmxi3^5-T'^^iy^i^yit. DmiZ^^Lfz^^)i'&t:mM^^i>^iHZX^m. 

ii:^(D^m^m^^it-^'t^mmx^y) . mMii*m.^Pik^i^izi^m-^^fziib. mmmmm 
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[0 0 14] 

) . TGF)8. BMP-2 m^Wf±1^1 2 #B8) , PDGF {0^WXmi 3 . Dynorphin B 

4#M) <^«> XtiiaaartOrStt^^a (reactive oxigen species :R 
OS) mS^Wflcm 15 mm ^Ca2* (#^#^:SC®t 1 6 «riiU0$-«i'6^aS7&*'C-^« 

[0 0 15] 

^j5£:«14SeS-CabS>'^> (Noggin) :fe J: Z/n-r'-f > (Chordin) it. T7'; 

^ttm^i-^nW:^^-t^mP (Bone Morphogenic Protein ; -tfMH?") "7 r ^ U 

[0 0 16] 

* . t b iy^> ^ t , Es^j!a^«f*i mmzm^-t^ bmp-2o 

[0 0 17] 

& o 

[0 0 18] 
[0 0 19] 

[J|#ii=:fcmi] ^il#W^6.oi5.67i-^^^* 

[#K^^m 2 ] ^mWm^5, 843, 780-i-|g^» 
[#tt=:fi:m3i *gI#M^S6,090.622-^igaB* 
[#^:fcit4 ] a^#i^=<&Pi^03/06950-^^'f >V]yyy 
mWf^-Xm. 5 ] iI^#i^^<ZrM^94/05791-^/^• Z^yUy h 

mWl^Xmi] ^K:S#^^5,846,770-^|gffl* 
mW:Si:m. 8 1 :Ji«:S#l1^ll5. 986. 056-^gg«B» 
mWf^Xm 9 ] H^^I*i^=^M^0l/98463-i-/^° yyi^-yV 

m^W:Scmi] Soonpaaibs r-9--rJ^>>^J ( "Science" ) , 264:98> 1994 
[#^#fl=:fcS)^2] MaltseVb, • • -T^n 5. yy > h J ( "Mech. D 

ev." ) . 44:41. 1993 
l0S^WfXm3} Maltseve>. [-fi—^^U-i^ 3 > • U-9— ( "Circ. Res." 

) . 75:233, 1994 

>J ( "J. Clin. Invest." ) . 98:216. 1996 

VWmrX1S^5 \ ThomsonPj. fT^niz-f'^ yiTT. • -^T - ^ • i-'yai-)U • 
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J ( "Proc. Natl. Acad. Sci. USA" ) . 92:7844. 1995 
UmWIcme] Thomson e.. [^-C^y^} ( "Science" ) . 282 : 114. 1998 
m'WW:Scm7] Shamblotfb. Tt^o -r y V:^ ■ - ^ • i-^^ 3 i- )\y T 

*J ( "Proc. Natl. Acad. Sci. USA" ) > 95:13726> 1998 
m!^ff-$cm.S] Kehafb. r-:^^-'^;^ • • ^'U-*^^ • ^ y^7.-r^Y-l^ 
By\ ( "J. Clin. Invest." ) . 108:407. 2001 

W^f^-Xm°)\ Chunhuiib. f-t-^ l-- v a >- • ';-^J--^J ( "Circ. Res." 
) . 91:508, 2002 

\%m^-X^l 01 Wobus^b. Tv^--^-^!^ • :tr • -^U^r^v- • T >- K • 
- • *-v*ns^-J ( "J. Mol. Cell. Cardiol." ) . 29:1525. 1997 
Wm^-Xn. \ 1] Takahashiib, f^J— # a V- v a >J ( "Circulation" ) . 10 

7 1 1912^ 2003 

\^^^-XWi \ 21 Behfar<b. TFASEBv ( "FASEB J." ) . 16:1558. 20 

02 

31 SachinidisP>. \ij -V-^ ^^7.^ =^=7 - • ^)^—^\ ( "Cardio 
vase. Res." ) . 58:278. 2003 

l##tt=:Xi^l 41 Ventura??. f-^J— ^^V-v'a >' ' V-9---9^J ( "Circ. Res. 
" ) . 92:623. 2003 

Wm^-X^\ 51 Sauer^. rFEBSl-^-XJ ( "FEBS Lett." ) . 476:218. 2000 
1 6 1 Li lb . • • -Ir^v • :^-n>?-J ( "J. Cell 

Biol." ) . 158:103. 2002 

m-^mxm 1 7 1 Schultheissib . \V- ^'X • T > K • r'^^n -y/pt h J ( "G 
enes Dev." ) . 11:451. 1997 

Wm^-XW. 1 8 1 Sparrow?*. r> * -Xa • • -r^n y :f ^ > h J ( "Mech. 

Dev." ) . 71: 1 51. 1998 

[^^#l1r:i:mi 91 Monzenib. f^U^cx^- • T > K • •b;V9- • /^'f 3i-n>?-J 
( "Mol. Cell. Biol." ) . 19:7096. 1999 

Wmf-XW^2 01 Smith & Harland. T-fe^V'J ( "Cell" ) . 70:829. 1992 
Wm^-Xm2 11 Sasai?>. f-fe^l'J ( "Cell" ) . 79:779. 1994 

2 1 Re'em-Kalma?j. f/niz-T'-f - -^-ZT - ^ - f■^/3:^;^ 

p<';*J ( "Proc. Natl. Acad. Sci. USA" ) . 92:12141. 1995 

31 Zimmermanlb. f-tJVj ( "Cell" ) , 86:599. 1996 
Wmi-m^2 41 Piccolo?>. r-feJV-J ( "Cell" ) . 86:589. 1996 
W^^-XWi 2 5 1 Gratsch & 0' Shea. Tr'^^n > ^ ;i/ • v't-T :t o v- J ( 
"Dev. Biol." ) . 245:83. 2002 

I^#K^:S:i)t2 61 Schultheiss<b. r>^- >X • T K • y^'^n y "/^ > b J ( "G 
enes Dev." ) . 11:451. 1997 

7 1 Sparrow<b. - -^-f - T^u y^jiyhj ( "Mech. 

Dev." ) . 71: 151. 1998 

[mmWXn2 81 Monzen?). [^ly^^y- • T^V • "t/Uv- - :tnv?-J 
( "Mol. Cell. Biol." ) . 19:7096. 1999 

[0 0 2 01 
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[0 0 2 11 

(1) nmm^^h'L-^mmmi^imm^^:fjmz^\^^x, BMpv^J^-:^ME5i* 

tp±f5 (1) i,zmm<Dyjmo 
1) iztm<D:fjmo 

(5) BMP->^■:^MEdiS:mlJ-t-^M^•. »immm<om^<7>^Bm<D^mmi-^±u 

(I) ~ (4) <7)'f5rtL;^lU3KtCK^(^:^fto 
<XSSr'^tr±ie (1) ~ (4) O-fpftLTjU iitClBm<7):^So 

( 7 ) BMP V ■sh }HT:m i:mi-t^mi ^im^mmmmm Kmi^-oxmmLxiB< 
mr^. ±ifi (1) ~ (4) <7)^M>imiz%im.(o-:^mo 

(8) BMPv:i^:J-JH53^«:»ftlI-t-Stf®;6«BMPT>^'=f-X h-C*>*±|B (1) ~ (7) <D 

^^p;^f-^, ^r>.^ :S.t/i5^>T-^ 3fet>lc-^tLibOM||6® 

^>^*-g.^^»«p loXJi«l^ll«^$fLfc^<^-C-*)^. ±fB (8) tc|B«o:^?5feo 
(10) ^m75*. «^«l*l^«TT'-C>^S«BJ!a'^^'fbL#Stl*^:rL:^cliiia»trS5|50 

m-e*-5,±fB (1) ~ (9) <7)^tL:J^i:SmB«<^^?£o 

(II) 'L^mmm^^itLn^mti^-^Ltzm$mmm^<Dmm.7!)^. Mm^mmxitm 
mmmiizm^ir^mm,x^^±m (i o) jcib^o^jSo 

(13) ^m^mmm^ mmmmx^^±m (12) iciBm«o:^?*o 

(14) #«7&*li ha5feT'*<2>. ±fB (1) ~ (13) tCfBtt0^i*o 

(15) JilS (1) ~ (14) (Dmfi^^i:^izm^<0-^m^^tf. 'C^^«<^«it:i^i£o 

(16) ±iB (1) ~ (14) 0#;^^>5-l:^^'fBm<^:^ffi^ci i9#t,tL-l>'^ISmo 

(1 7) 'd^lS«75-'^I§. a«g^jhX{i?^ML7tc: t ^rfe@t-'&'l:^^a<^r^*;5•iS^':fev> 
_h|B (16) t-fB«0^i:^^««r'i:>ISiai^7&f^ll. ^tl#jhX(i5B^L^^TO3l«^ 
<^SSlCl£# (#«) f -SCI t;6»<b^;2>^m^^m^7)v6j»:^j£o 

(18) M^^lhX{i^^^LfcC:i:^rjgS-rS'C.^^mor&iB^^c;tffl55^^^ 
V ~->if1jmizi5\,>X^ M^W?r±fB (16) tCfBtg<7)vi:^^,«i:^f!liS;-i^ 

(19) ±sB (16) Kmm.<0't>mmmimM^^^tLx^mir^. 't>mmmi(>mm. m 

[0 0 2 2] 

^ mmx;k h mmm. sr ^ v\ 'is^mmmjut ^ <r>mmm,^<omtmm^n o v> ra^*- 

ft^rMfef^^:^, :^S^O*-l>X!^, ^^^'t' ('-i-^^^H^ (Bone Morphogenic Protein; 

BMP) (oi^iri-M=i:m^mm^^m9.^mwr^^t\zsiy)^ ^m^^^i^'t'^mmmtm. 
ii>hfL^mw. '^^mii^iiUibxmisimK'=>^mzM^^i^^^t^^^\^^ ttz^ 
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ID 0 2 3] 

l,zm<omt LXit. BMP-7 T 5 V -:S-i^Xfi'^<^^#Mf5^<^^tmst{5^M#<^^m 
[0 0 2 4] 

-e?IJx.(fGATA-4. TEF-1. Tbx-5. MEF2S.miLC-2v^<;)^i:-l^#M6<J^^H 

[0 0 2 5] 

^*^«fe<7)^^ib-r, (hanging drop) Ml3{±-7 ^ - 

[0 0 2 6] 

Mtc. BMPvy:^;^^Sit^r^M1-^t^gO^^)[]B#«525:^FWM^r^|^L7t^:c:;5,. 

■fZo 

[0 0 2 7] 
[0 0 2 8] 

n^mtj^^Lfzmm^^ML. m^it. ^m^nmm. mm^^mm. cuGmmR-o' 
ML. ii^=&^#Tt;*5v^THE^ i^mm. ^mm. ^xvnmm) •r^x(D?^m<om 

10 0 2 9] 

m<r>mmmmi>zis\,^x^ ^^mit0'mimmm^^^mm-r^^tKxy)i^m^fifz. 

[0 0 3 01 

tt* 'fb^i^^^j * iwisi" ^ ie> . ^§tm <D:f]mizxoxi^m:^tifzmmi:^m^^^ 

[0 0 3 1] 
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[0 0 3 2] 

[0 0 3 3] 
[0 0 3 4] 

{±> Guide to Techniques in Mouse Development (Wassermanfj^N Academic Press, 199 
3) ; Embryonic Stem Cell Differentiation in vitro (M.V. Wiles. Meth. Enzymol. 22 
5:900, 1993) ; Manipulating the Mouse Embryo : A laboratory manual (Hogan?>li, Co 
Id Spring Harbor Laborayory Press, 1994) ; Embryonic Stem Cells (Turksen^^ Huma 
na Press, 2002) -^^^tiv^o :2|s:ra#tci3 v^T#hs ^ tt^iljja:^*. - mm&^m^ 
mm(^ fz tt> (D^m RX/^^ hmmmit rogen/CIBCOtt ^ S Igmattl^ O rUm*# h A^nT 

10 0 3 51 

'mmmmm'^. ^%m't-mmm.. WL^m.'t-mmu<^ir-<x<r>^imm(Dmm.i^^. m 

[0 0 3 6] 

^m^^^t-ii^x^^o '{s'mnwmmiL\t>L^mmm\z(^^m£-^-i3-\t. m7L\t. \ ^ 

i^>Mm/^^^ a-T^^=->. hn^->l, ANP, GATA-4. Nkx2.5. MEF-2c^7&s^^f 
10 0 3 7] 

V»;5f, mmW^mmift-^^^'') ^ 9 --tfrnrnj^/S (RT-PCR) 7*U ^5^^ -t*--> a >:9-*f 

hmm^i^^^'?■^<^^^yom^zxy)mmx^^o 'mmmmmxit^t'mmmiz^^&ifj: 

imk\t. ^t'y^nm/m^'^ a-T^'f-=->. YU7j^=.>l^ an?. GATA-4. N 
kx2.5, MEF-2c) Se®*^- K-t-*^m@B^Jt4BiE^-e*)l9. v^V/n'^^' (GenBank) <D 

[0 0 3 8] 
[0 0 3 9] 

^^m\zm\'^hfi^^ m^nmm. i: l -c « . kzi^mmm, h\^xiu<^m'^fix\^^^'^ 

tbiE#2 005-3018280 
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:^m^ESmm<7)^i^mtLXi±. EB3,M. E14«> D3m> CCE«BJ!a. RI^JJS. 129SV^ 

inxT. ^^<^##:fcm (Matsuiib, Cell 70:841. 1992 ; Shamb lot t ib. Proc. Natl. Ac 
ad. Sci. USA 95:13726, 1998 ; ^il#f^^6. 090. 622^ ; Jiang ib. Nature 418:41. 2002 

; a^#ii=-2j^oi/iioii) ^itizxy). ^tih<D^m^^mmi:mmK^m l 

[0 0 4 01 

X'^htifz^mm (Sharda & Zahner. ill^i{#i^^<2r^^02/051980-^) «*^«=^CR 
3/43ifLi^XiemLxmhitti$m^^ (AbuljadayeU Curr. Med. Res. Opinion 19:355. 2 
003) . ^hl,ziijS[.i$i\*j:^mmzm^-t^mmm iUh. Nature Med.. Advance online p 

ubiication ) m<7)Esmmtmn<Dwm'^^i-^nmm.^mifhiv^o ^<Dm^. es» 
tmu(r>=^^mtii, Esmmiz^mm^j^mm mm) -^-•^~<7)^^^Esmm!i^mm^j:m^ 

^(Ty^m. Xii-rv h-v (teratoma) ^mm'^^J<7'7'y7.^m^t\,^ofz. ES«tC 
[0 0 4 1] 

il«BJ!airS5^-t;5#MI^#^I^^J!& (Bruder«b. *iI#S^=ll5.736.396-^ ; Pittenger^,, 
Science 284:143, 1999) ^CMG« (Makinoib. J. Clin. Invest. 103:697, 1999 ; 
#i1=<2rWmoi/048151^) . mmM,K^^-t ihSpocBm (ai^#ii^<Zr|im03/035382-^) ii< 

[0 0 4 2] 

^mmKis\.>x. 0^m^nmm:d^h'mmm'S:i'^Mi-^i^mmtLxii. 't-^mmm<^^ 
immizMLfzyjmx$>^ut, v^ra^^v^^ct^^^-x-^. m^itEsmm^m^^^^^. 
i^mmm^m^. mm (hanging drop) i^mm. ^nmmt<7)^mm^. mmmmm. m. 
m^mmm. -^^ ^^^^vrmmmm^mf^^ta^x^^o ^m^^j:iom<DmtLx 

m^^^j:\^^m^omjk:^mm'px'^nLtz'^m) tLtzEsmm^. B^L<ii. :^^btcioffl 

Jia/mL-lXlO^ mmymL. <t * L < {4l00»/iiiL~lX10^ /^fl^/mLOaMJ^jz 

J: -9 tcM^L. ^m-yi-- hizmm^k. 4-300 r^. ^tL<m-i5Bm. 37vx5 
% (7) -m^t^m * ii^ L 7t C02 K T j&iii- -& ^^if <s c 7!)*T- i ^ o 

[0 0 4 3] 

mL-lXlO^M/mL. X^UtL< {±lX103||Bia/niL~lX10*m/'inL<DM^^(3'S:-5 

J: 9 izmmLt:M—mm^m(DEsmmi:mm^. 4-300 «f t u < t46~i5B r^, 37t: 

[0 0 4 4] 

miE4# 2005-3018280 
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[0 0 4 5] 

tfz. mpry^^-T. Y t {i. BMP7 r 5 y (^ai x. {fBMP-2. BMP-4, BMP-7^) 

-r-Sll^t;^ h 'J ^voi^ Wx.{f. 2xSSC) -e/N^T-V ^^-f Xi--2,:^^tc 

J: 19 n- V-^ix^y^ymmm&MXit::i--r'i ymm:M&niymmiiZ^tit;bo 
[0 0 4 6] 

mi-^mm^mm')=iy\fi-y vM&nt Lx-^m^i,zmM-t^-i]mt'^m(Dmw:^m^ 

y^(owsTy^::f-7. y^m\\-t^-nm. J ^ym(om^T y ^ -zT-t. h <^jt<5i^^3i^ 
^ 9 ~^§rm^^mu^$[\zi^Mh-h^^ J ^ym(r>Bwry 9ri-7. hitfST-ll^-^ 

^fla<7):^«±ft^<^«M^«^=SrfflV»<5,:^fe, ^;5«^tfibtL, ^^mz%^-)j^\,Z^\,-^X 

\m^%wsTy^-=t=.7.Y^^^^\zmm-^^mmm.h LT#stL^„ 

[0 0 4 7 J 

2^l&l§o^ifetw^v^Ts '^^ffii-'2)BMPvi5^:^;^=^r^^pf!J1-'?)%KogaR:5.^^*it^^^(i, 

»«-fflv^r2|s:^^=S-^Mt-^J|§'^. -^-^^xcoy ^>cDNA^^ Ay i^nyi; x^^-t (Fc 

i^V =I>tr:^^' (Recombinant Mouse Noggin/Fc Chimera; R&D systemstt^ Genz 

yme Technology^) id^rUIK^gittriJ «9 > •^'^ ^y^^'^h\^X'^W3^z^^^7t> ^ 

hii'^x^^^ -tfz. mmm^^(r)^(r>-^^m^^z.hifx%. t ^^cDNA*:*:!^ 
«tC^AL. ^tt=^r^m$-li-rfpMLf^ffiSg'; =r>if:h^ hgag (PeproTech1±J; tJTfj 

ifx%:h^ -^y-T^ y-BLrf^(r>'iSs,mwry^^=-7.Y\z^\^xi,^ nmz^'m-t^^h 

ifiX^^^ =5:jb\ ^tL'b<^)S^^^=f- K-r^itfE?-<7>:^S@H^J{d:. ^ilNational Center 
for Biotechnology (NCBI) #0<&etl=fcDNAf'- rJ'^-y?. jc^V^TflJfflnTlig-e* . 

^WM.\i.'^<Dcmk^w^-\t.m-f^z.hifi^^xh^^mx.\i. j^yBJf^ 

t hOn-T-^ V'i7;^<^3-7='^ :^0:^^|E^J}i, -etL-P^T -b^^*-^ : NM_00545 
0. NM_008711> NM_073411, NM_009893i: LTNCBI<^7*-i5'^-^tcSfii$ttTV^;&o 
[0 0 4 8] 

2f5:|&^JC#^BMPT>^:/-;^ hfcLT{±. BMP^ (ffOx-lf. BMP-2. BMP-4, BMP-7^ 
) I'^-^LT. BMP^i^tm^M±<7)BMPS##:0*g'g-^E«Xf4»Ji-'2.iilg, XtiBM 
P^^#:tc^-^i-^^i:tzj: 19, BMP->i^-:h;i'f5it<^?|I©JX{4Ji^^BI ^^C-T^^RT-^tT, 
{^j:<, (Re'em-Kalma^. Proc. Natl. Acad. Sci. USA 92:12141. 1995 ; Zimmer 

manib. Cell 86:599, 1996) , 310^3 - r'-f > (Piccolo?>. Cell 86:589. 1996 ; De Rob 
ertisib. *@#fl=ll5,679.783-^ ;LaVallieP>. ^H#f^ll5.846,770-^ ; Uvallie?*. 

*B#f!^ii5,986.056-^) t:'^<Dj^m.mt\^xm^f^^tii^x^^o ^(Dmmwry^^ 
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-:^V<D^i^mtLX\i. 7:i-V7s^^> (follistatin) ^ (fetuin) . 

;^^vnx-5^> (sclerostin) . ^ hKl±r>y'^~^'^P^ - 7 r ^ V -izmi-^^=^^ 
i>^mifibfi. mm^l^tLX^ ^-y (dan) . ^-^^T. (cerberus) . irVK^)y (gre 
mlin) . (Dante) ^i3^^hf\^X\^h (Balemans & HuK Dev. Biol. 250:231, 200 

[0 0 4 9] 

MP'> ^i-)^i^m<Dnm Sr 5 1 § ^ CI ■t:^mx$>fnmm-r^ c: 1 # s » bmp ^5^:^ Ms 

[0 0 5 01 

#flx.ff. ^i-T'-f ^-^CDBMPT^^ rf^;^ h) ^fflv^-S^-g-. Zfih<7>m=T-^ 

[0 0 5 1] 

o 

[0 0 5 2] 

t'lOO-lOOOO U/mL, if t L < {±500-2000 U/mLMiS<^ 6 JflL?sWMH^^ (Leuke 
mia inhibitory factor : LIF) i^lm LX^ < ^Ltit^iff-t Lv>o 
[0 0 5 3] 

y ^yXki::J~r^ ym<7)BMP T > ::f^:^ h «-fflV»^J#^, BMP T>^=f->^ hHi^ 

^ -5) o 

[0 0 5 4] 

^^5§<^^iS{^i5V»T, BW\/Cri-)V^1^U-t^^0^tLXBmTy^::f=-7.V m^i^ 

> 1 ng/mL ~ 2 //g/ml. 0t L < f±5 ng/mL~ 1000 ng/mL. i ^ L < {±10 ng/mL ~ 
500 ng/mL<^M<7)y ^^Hfig, 3Z:{±3-T''f >gaS^-g-;i-1-;i,^*fer-S1^L. 

[0 0 5 5] 

-hiEO:^r&{cj: J), ESm^S-{±i:iOi:i-l,#^tgtt^jfflfl|;i>p,^'fbM^U/v:'Majm{±. 
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[0 0 5 6] 

't-mmfk<omm:)omit. t ^ o t v> ^ mB.^mnt^<Dijmx'^ tnt\,^im ss> ^ v> ^ 

fe^O^I^— SrL#^^L4'i^C/''c::^^ (Monoclonal Antibodies: principles and practice 
, Third Edition (Acad. Press, 1993) ; Antibody Engineering: A Practical Approach 
(IRL Press at Oxford University Press, 1996) v 3$|> ^<-=i-}l'^(DiQi^^m 

ymm-:f^^- ^ -(DmrnT-o^^t-? ^ 'y > (G418) m^i&i^j-t^ML^^^m=Ffj't 
^L. z(DyJmzxnGmmnmmtLxmm^i^tzmmi±. 99%}ik±(ommx't-^Bmm 

X$)^::t-^mm^ivr\^^^ (*H#fi=^6.015,671-^ ; J. Clin. invest. 98:216. 1996 
) o 

[0 0 5 71 

:^§tmizx^mm:^fifz'mmm,ii. ^m^m.mii^M (Mx.(f. mm) ^m*^<^ 
mn'^mm. ^hi,zi±^t^mmmKMLxm^'^m^^^^-r^mn'^mM(D7si!^v 
mir:tfzit><D:^mti:mmy-:^ttj:^^ ^h^^^mmrcM^ ■^mm\zxy)mw^fLfz'L-^m 

[0 0 5 81 

fc-r. ^^=^^t^m. ^^T-it^m. ^m<t^m. mmit^<^. sag. 

^&Jiz-^m^iz^Xi-^1jmtLXli. Vhn'i7-f;vx, Tf*/ 
[0 0 5 91 

'L-m^^imn^mit. ■^mm^m<^-)sm^m\'^x^mvx\^^^§r-^^^mm,^. ^mmt^ 

f^5~15BS. L< fi7~l201<o^,^lr:fev>T. 'C^^^m 13 #^6*1*3® >^<^-7-:<> - 

o m^(ow^&}'7-:fj--^i^^fri^mitim-^fLXis\i). m-^Kim-t^zta^x^ 

n.i^^^I, ANP. GATA-4, Nkx2.5, MEF-2c^355^tf ^ tL-So 
[0 0 6 01 

mtLxmif^zt^^x^^^ A«:fi<jjz{±, ^mmmm.<o:^mzxoxmm^fLtz^t-mm 
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h - V ;^ mm K^^m^j: -^x^^- ^m^^^ r^^i^ >v<o^m.^nm tLfz:^m'tm^^x 

ii§.^^o Mm^:fJ-:^2.^^\\^Ufz^y Vii. Sigmatt^Clonetechtl. Promegatt^s #■ 
[0 0 6 11 

t^mBi'fm^y^i-^fzib. mni^'t-m,^.. ooikn.'t^^£^. m^M't-m 

o 

[0 0 6 21 

ttz. ^^mizx'omm^fifZ'LWMma. 'L^mn^mxit'MmB.r^mmtLxm^^ 

'L-^mmBx^mmt lxu. ^mmi,zx *)mm^tLfZ'ts^mm'knmmx^iyi,<Dx^M 
. mm^^^m(D:^^mmzi^m-^^fzi><D. mm^^i^^m^&m^<o^wmz^mL 

tzii(D, ^^\^^ltM^mi>L<li0-m<7)'L-^mmmiy~ V (Shimizue>. Cii-c. Res. 90:e40. 

2002) i,zj]aj:Lfzi>(7)m. fo#^:?^i^c<^^oT?^)fflv»;g,c: 

[0 0 6 31 

±ni<o^{hmm^m^umz^m't^ijmtLxii^ mm^. mim^m^^xm.m'LMi>z 
mx-r^ijm. 'L-m<D-m^m^^iz-mmLxmmi-^-:^^. ^hi,zii^7^~T}vim\^^ 

fzmskm&J:^miZXy)mmir;hU^^ (Murry?>. Cold spring Harb. Symp. Quant. Biol 
. 67:519, 2002 ; Menasche, Ann. Thorac. Surg. 75:S20. 2003 ; Dowel 1 Cardiovasc. 
Res. 58:336, 2003) 7&-'^lf #t3i;}L=^|S3EL>5:v>„ ^(D^^^jmiZ X . J3& 

}^'Mi)-hmuLtz'(^mmm.i't^mmW}m<7y'L^mi,z^m-r ^ t . ^t>»6xB.\^^mmm^i: 

i:5&«^^$tLTV^^ (Menasche> Ann. Thorac. Surg. 75:S20, 2003 ; Reffelmann 
Heart Fail. Rev. 8:201, 2003) o ESmft^O.t^^jjfflljafi, Ji&iB'l:^MS5fe<^'^^ 
mmt^i^tbXX <UfzJ^M^mLX^^^ (Maltsevfb. Mech. Dev. 44:41. 1993 ; Circ. 

Res. 75:233, 1994) o tfz^ Mmi,zEsmm^m<D^t'^mmm^^i^'t-m.iz^mLrzW}mm 
^mx'it. s^}^'t^mi^m\^fzmtms^t>h^j:\^\ ma^xM^^^M^^^-r^tiimm 

$^XTV><2, (Klugib, J. Clin. Invest. 98:216, 1996) o ■t<^tztb. ^t-mmm<0^^i3 

immm] 

[0 0 6 4] 

[0 0 6 5] 

mmm i : y ^>mmizxiEsmm.^^'mmm(om^m^M^) 
^smm^i^mmm^m (mr, :^m^mmiz:^^^xiimi>zi^mt§mtm-i-) jcj:^eb4: 

m(Dmm.miizRiii-B^i^mLfzo 

[0 0 6 6] 

. RimU (Andrew NagyW± [Mount Sinai^l^ ; X l5m#) , S.t>'129SVjfflJia ( 
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ji*e>tL^j;5»ofco ^tLiboEsmfi. io%fiFWiBjflift> 0.1 rsM mmmmT ^ ^mwi 

X 2 rsM L-i^)Vi^ ^ ^t>*0. 1 mM 2-;>f;i'* 7" hJ^^ y—JV^:-^ tf Glasgow Minimum Esse 
ntial Medium (GMEM ; Sigmatt) ^%tr2000 U/mLajflL^^WJE^^ (Uukemia inhibitory 
factor : LIF) (ESGRO ; Chemicon^t) S:?^ljnL/^^)<^iSr^v^ Manipulating the Mouse E 
mbryo I A Laboratory Manual (Hogant?^^ Cold Spring Harbor Laborayory Press. 1994 
) ; Embryonic Stem Cells : Methods and Protocols (Turksenffl^ Humana Press. 2002) 

[0 0 6 7] 

n-m^mimi^-t^SBm. ±ffi^#-e:^#t3n::i-«r3^^fCV^;5ES«=£r^ PBST- 
2|ll^^f^. 1 mM EDTA$-^-tf0.25% h U "/v >?tfi?tT'^!!!;S«-i-'2> Cl tizX^ 
iZL. 10%fi^^ll&iBjflL7». 0.1 mM mm^-H^mrS. ^m^. 2 mi-VJUSr ^ WO. I mM 
2- y T' h -i-^ y —;V^:#tj' a -modified Minimum Essential Medium (a MEM; Sigma 
tt) {iikT, [^d-it^m] t^^-t^) (C2000 U/mLO UF^mmLfzmM^m^^X, 2 

.5xio^mwmL<r>mmmm^^mt^Lfzo z.<7)Mif^mz, 500 ng/mLu 3>'tff-> ^ • y 

^> -Fc^ j< yM^M (Recombinant Mouse Noggin/Fc Chimera ; R&D systems^) (J^JIT 
129SV«0^-a-(i, "ify^y^ - h Lfz-fU-h±iz-7^ ^ 'y>mmm^<D^it-^ 

^:^mmmwmm i^B^^mmm ^mmLtz^fv- h^miy^xi^j^mLxis^, ^-r- 
r-^tLtzmm±i.zmmmmmi:mm.\^fzo 

[0 0 6 8] 

Esmm*^hEB^M^^t:hfztf)(7yn-mi^miii>iT(DmizLx^^tzo y^>ma. xi± 

0ma<D^'{t^mX3Bm^mLtzESmm^?BSX2mfkmk. 1 mM EDTA=^-^tf0.25%h v 
W(0. M^«14<^||v^/N'^^xUTffl7'l/- h (EMIOO mm ; Valmalk^tm) ^I^IXIO^ 

mm/mL. xii2xio^ mwmKDmmxmmLtzo -?-<^^. ^m^m^mi^ir^sBm<Dm' 

y ^>m&K^muLfzmmW(D^mzii, 500ng/mLJ ^ym&M'^muLfzo 

*#-efi. n-mi^m&&^-hEsmm:^mmLXEB(Dmmi!}mit)ibiv. w-mmmm-sBE 

[0 0 6 9] 

-ios ESmm.:^-ibEB^m'^^^t^!SmtLX^ «^«^mTC0;jtl3^f o /io 
iJn. Xti0m*P<^:^'fk^:tet?3BFBl:^«L/^ES»^PBS-e2ll^^f^, 1 mM EDTA^-^tfO. 

fzL^iz5oom<r>m^^^tfmm^i'^UL. ^fi^^m-:^}y-vojimizmmLx. 4Bm 
^m^^^fzo ^<Dm. mm^m^mti^i- ^3Bm<DmA:^-h y ^>m&m^muLfzm 
j3&^o«tc{i. 500 ng/mL>^^ym&m^mmLi-zo mmmm^k. mm^iiz^^^i^fzE 
B«r. ^imMxmt:{.fz-^m<7)mm.^mmr^ y->^ u^-^)i^^r-( y'y^ ;Nuncttm 

«it^/5^ "bEs^eia^*^^ \^xEB<r>^^i}mib hn. muv ■rzEE(Ditm^m ^^mti^L ^c3~4 

BE (MM^m^l-SBE) ^<^EBfi^3^--T'g2:^fiiiI^>^)*tl^$i^<2> J: 

[0 0 7 0] 

<^ffia^i£:SB#fi<jtC|l-<:/io ESiiIti: LrEBSMiSrffiv^. IX 10^ WmL^^^MJ^-C^jt 

^m^^^fztz.^^ y^^^a^srL^d^ojt (/^^ (-) p) Esmmizm^-t ^EB-c 
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(^lA) o -yj. y ^y^m^n-oi^ (+) m-) Es«trS5^-t^EB-efi. w 

it:^«m7B S:6>t>*6i&'a:*>*il^$tL-5. ^)<7);6^tH^L. 14 B @ -eti 80% Jii.±<7)EBT'4aiji1± 
mmr(^^fZo 2X10^ WinL<^mjijK-e^^^«^=ff o/im^^j |WI^io^|p]75»?B'b;^L. 

, ( + ) ^EBT?{i, ^it:^«mOBgtC{i30%m±. 14B g lC{i90%lil±(^EB75*tt 

»ii4=Sr7rcL/;o ^Ji5. (-) g^EBT-Ji. SSI54^»±EB<7)-gl5tc|5S^;? ttTv^^c 

75^ y^-;^ ( + ) ^EBT-{±. %<^^Z.}i\Z^ EB^Ol5l?^^tC*>/cS«>6*«i&LT 

[0 0 7 1] 

wm^mM^\z^^^x%,. (+) sFEsm^ri3^t*'C.^B^^kl|{i>'^> (-) # 

ESmfcJt-<-C^L<i^< , ^S-'fblf^^^TBB (#*:^«f^3Bg) tc{±40%JSL±. 10 BS 
ir{±80%m±. $ibtC14B gtC{±(it3ri--<-COEBfi^nnrL-T'*6iii7i-'l,'btt7t (Hi B 
) o tfz^ ^^^^«##-C•m^$^^7t:<^^:|B]#, (-) m-'Q\t^ EB^^^T'-r^yv 

( + ) ^-eti, EBS5^=r^^-(^^5t^^#^-^p/^<5^Jj&■e^6^^I75*^ie>^p:l^^wo 
[0 0 7 2] 

^ri3> M^«^tC*3V^T. /^>^at|WI;|t<7)^#(ZT. '^;t{^IGF (insulin-like gr 
owth factor) -K FGF (fibroblast growth factor) -2. BMP-2^. U^<DmMm^M'^ 

[0 0 7 3] 

i-mmiZ'DX.^X^mi^fZo mmir:h y '¥>m&n<7yWkmi 0.5-1500 ng/mLtL/ziik^it 

. mi<7)mn^t^<mm.iz^^m^m^n':^fz^^^m2i.z^ir^ EB3mmRmmmti> 

. immU<^MmW^^imL. 5 ng/aL-1500 ag/ttiLi^m<Oy ^>mBMi^MiZXn . 

(-) ^:^Mizm^^i^W)mB<Dtiim.^mtbhiVfZo mz50 ng/mL~150 ng/mL 

[0 0 7 4] 

(mmmz : y^>iskmizx^^^mmLtzEsmm&^^t^mmm<Dmm 
mmm i x^-rmiz. y ^yiim.i:^v ^tKxy)^ Esmmy!)-hi'!^m:LfzEB(Dmm^ 

[0 0 7 5] 

13 3 {Kiy^^ (+) xiiy^y (-) s^EBtristt-i.^ ^a-c^^M^^a^jv-?!/ 
-mi^^(D^m.t:^Ltzo mi tmm.<Dx^m^m^x-^^^^tiEBi^m^i,zmuLs rn 

easy (Qiagen=a:$^) ^ISffl LTi^RNA^PSiiLTto ^v>T. #^irtJ&v^ SUPERSCRIPT II 
(Invitrogent±iS) ^fflv^TcDNA'SriJfr^^^ L. sJ^V ^ 7 --t*^#^;KJS (polymerase chain 
reaction; PGR) izX^. 'C^MJiat^^Mfi^J^&aei^O^ai^^tB L/Co GATA-4. TEF-1 

. Tbx-5. MEF-2C. aMHC. MLC-2v. a -cardiac act in, GAPDH<D#^^M%0^iBlC^V^ 

tz-^^H'T-ii&.TOm^X^Zo 

GATA-4 (m:fJ\^) 5* -CTGTCATCTC ACTATGGGCA-3' (SEQ ID NO: 1 ) , 
GATA-4 5' - CCAAGTCCGA GCAGGAATTT -3' (SEQ ID NO: 2) ; 

TEF-1 {m:fj\^) 5' -AAGACGTCAA GCCCTTTGTG-3' (SEQ ID NO: 3 ) , 
TEF-1 (M-^\^) 5* -AAAGGAGCAC ACTTTGGTGG-3' (S^ ID NO: 4 ) ; 
Tbx-5 m:fj\^) 5' -GGAGCCTGAT TCCAAAGACA-3' (SEQ ID NO: 5) . 
Tbx-5 (^:ftr[p]) 5' -TTCAGCCACA GTTCACGTrC-3* (SEQ ID NO: 6) ; 
MEF-2C imyjl^) 5' -AGCAAGAATA CGATGCCATC-3' (SEQ ID NO: 7) > 
MEF-2C (M-^]^) 5' -GAAGGGGTGG TGGTACGGTC-3' (SEQ ID NO: 8 ) ; 
aMHC miom 5' -GGAAGAGTGA GCGGCCATCA AGG-3' (SEQ ID NO: 9) . 
aBlHC 5' -CTGCTGGAGA GGTTATTCCT CXJ-S' (SEQ ID NO: 1 0) ; 
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MLC-2V (J«I:^lPl) 5' -GCCAAGAAGC GGATAGAAGG-3' (SEQ ID NO: 1 1 ) , 
MLC-2V im-:f3\^) 5' -CTGTGGTTCA GGGCTCAGTC-3' (SEQ ID NO: 1 2) ; 
a -cardiac actin (M:^[rI) 5' -CTGAGATGTC TCTCTCTCTC TTAG-3' (SEQ ID NO: 1 3) 

or -cardiac actin {M:^[al) 5' -ACAATGACTG ATGAGAGATG-3' (SEQ ID NO: 1 4) ; 
GAPDH (Jlll:^- Ifil) 5' -TTCAACGGCA CAGTCAAGG-3' (SEQ ID NO: 1 5 ) . 
GAPDH imiom) 5' -CATGGACTGT GGTCATGAG-3' (SEQ ID NO: 1 6) o 
[0 0 7 6] 

PCR«»8fettDNA5}^° U j<7-'\ft LTliTal^aRa Taq (^Sittt^) L. GeneAmp PC 

R System 9600 (Perkin-ElmertttI) ?S:fflv^T^To/Co tircmk^'^tr?CRK}BWL^9AX:X- 

K72X:x'5^lMmLfz^k. 4t:-e^±PL/io PCR»*3%^'; Ti^ ';;vT< vy)\^x-m%m 

n<D'ik. SYBR Green I (^?@3^t±i!i) "Tr^feL, Molecular Imager FX (Bio-Radtt^) X 
[0 0 7 7] 

^(O^^^^ GATA-4. TEF-K Tbx-5. MLC-2v^C0atfE^{i> ^ ^> (-) ^EBT-{i. t^j^ 
^«^:Fj8i6^m5^V^Ll0BS:d>e>Jticfiti||V^^^;5s^P>:}x^<^(C^tL. ( + ) ^EB 

T-li, WW^'^^mV^l.fzmB (OB) ib-h^'l^iimibhiU ^<D'ik. 5~15B BtC;i>lfC 

'^^^^mi}^^m\^fzo MEF-2c^'l:^^#MWa-T^'^^-e^i. ti,\,zn^m.'^^mmBmi)^h 

§km-b^^hixfzi}K ^(D^mmty ^> (+) mm(D-)3-h^:^m.\Z^i)-^fzo tfz. aMHC 

(^:t'>>mil) Jt{E^OJir>^. ( + ) §^EBT-(il0. 15 B g 1^5^ V^^]^,^?©,*^) ^ 

/w:**. (-) S^EBT-{±|&31«:?tBi-^i i:75^*T'§^;d-ofCo JiJJl±(7)M:^J: «3 . 

[0 0 7 8] 

(+) PEBfftC|&^L7t*Si*^m;6^ 'C>M«#mfi5-7-3&-geK 
^T-?^^t/cy ( + ) ^EB^. ^)t^Slf^l2B itlHIiRL. ImM EDTA^-^trO. 25% h 

fc-r|T|g(^m^«ffi -fV-V nx^m L Tto S B s * ^n*- :^ V 7'±0^|&^4%/^° 7 * ;V 
Ar;i/7't K^fg-e@^L. l LTin:-i?-;i/3^ T • (MF20 ; Americ 

an Type Culture Collection) . ^hnj}f^>I^#: (#sc-8120 ; Santa Cruz Biotechnol 
ogytfc) , ^a-T^f--^^-^ (#sc-15335 ; Santa Cruztt) . mm^W (#AB5490 ; Che 
micontt) 5 JCAlexa488M2 >^in:#: (Molecular Probestfc) tm^WM 

^itmwmTKxmm^^ffofzo 

[0 0 7 9] 

>I. a-T^^f-->. ANP^1±M^>'#^Si6 e> ^^ (114) . ES«S*0*fifi)tt^J!a7&5 
'i:-S5«T'* -set j&«||fE$ tL/co 
[0 0 8 0] 

5.t;'ii^M^co5t^.«r^To/^o r¥it^*m2BgtciiiJRL7tEB^, w.mm}^^^m^mM 

(OCT Compound. Sakura Finetek USA Inc.) •^mn^m.X^. TlSL^^a^T'^^ LTf^S^ L 
>; ^fX^' y h (LEICA CM3050-S) (5/.m) >^ v K^^^y^ tc^ 

[0 0 8 1] 

<r>mm&mtYR<o:r imhfLfzW$.X(D^m^'^M<r>\znv. J^y (+) a^EB-ct±. 
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y (-) ms>-^\tWMn.ms>(n>--%\,zwm.'^^hmzt^\^. j^y (+) pEBT-{±EBot5 

^ o 

[0 0 8 2] 

[0 0 8 3] 
[0 0 8 4] 

















<10% 


+ 


H- 


80% < 




+ 


<20% 


+ 




<5% 



[0 0 8 5] 

t3:fett'S*&KlttEB (EB3«fi5|S) om^^=S:ll?i-o ^Itr^JV^T. rm^aS^iJ 
^«=£:gi$&1--2.3Bm35-^aB tT-O^^^'f^, r:S^'ffc^^§i$&^J \tmmm^^^ir 
^nfS.(D^mM^-^7^-t^ tTt. ^KCiJW^T. r+J \t^W^KJ (150 ng/mL) 

[0 0 8 6] 

t*> r?jl^«Htf03B^1. (150 ng/mL) =^'^tf:^ttt?^« 

«gi$&B# (OBg) t;^{>y^>^eK (150 ng/mL) =^t^Jp L7tESm;6-<b fi. ^^^tclSKi 

ttEBOffl^*E«e>f.:3&^ —1fj^ ^®^«hJ<^3BF^. ^ ^^-SeW^-^S =&v^:^^fe-el&« 

L<®TLfCo ^jt:^«Mt3:bnt^^'>>^S5fe<^ES5fflJ3ao^#tr{i, ES«<7)*:9- 

(2000 U/mL) «-^iJfl-^-riCES«*^flL/c:^'^. ^ 4^*:^M3S=^^f o TV^*J#'g-t:::fev^ 

[0 0 8 7] 

y^VgSK (150ng/mL) ^5B B tc:^^^^-!^:/:: t ^ 

*6»tt'6S5«{it5{J^<ffi31-^r. gE«^i&:fc (Gratsch&O' Shea. Dev. Biol 

. 245:83, 2002) tm^. ^mmmm<DmB<o^immmm^tLfzo 

[0 0 8 8] 
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[0 0 8 9] 
[0 0 9 0] 

mmmi. 2 tmm<^^i^x-w-mmm'S:^f^\ y^ym^n (i50ng/mL) (Dmutm 

[0 0 9 1 ] 

mmmb : ^wmM^my^^tZ't-^m^imm^^zii^y^b y ^y^mmm) 

Yamane^. Methods Mo 1. Biol. 184:261, 2002 ; Schroeder?). Proc. Natl. Acad. Sci. 
USA 100:4018. 2003) „ -g-^T-. ST2m (SW • 75^ibl»A) ^y-i-^-M 

mt\^xm\'^fz^i\Mmmz^\i^x. y^y^m<Dn^^m^\^fzo sr2mm.\±. i^m.<^ 

mW^mm^^:^)VfV~Y (CORNINCttm) \zmm\.. Oulbecco MEM^At (Invitrogen/G 

IBCOtt^) \ZlQ%<D^^^^M.m (Invitrogen/GIBCOttM) ^jf)n£7tl§:Nfe=S:fflv^r n > 7 ;i' 

vWAztx^m\^fzi,<D^y ^~v-mmt \^xim\^fzo ±.w.tmn(o-^mx^ 
-mm,^mti,fzEsmu<7)mmwL^mm\.. y ^ -ir~^?Bsx2mmmk. 2ooo«/2m 
L^flfe/i >i^i;v-cmaLfco ^<r>^. fmm\,zi^'m^'mmm,<r>^m^mmm^-r^t 

ti,\Z, ^«m8BBir-gP(7)«^70%jc^y~;V^f^-e@^L. I'A^^i^t \^X^^ 
3> T • 5 :tv>J/L# (MF20 ; American Type Culture Collection^) . Bli^^Hors 
eradish Peroxidase^ife 2 ^-k^W LM.:^ Y y r ^ > •f)V7. -r -f :^P0 (M) 
ttSSI) tM^S/S^-^^ :g^tCACE (3-amino-9-ethylcarba2ole) SKflSt (--^^-f1±M 

[0 0 9 2] 

^-e§^:^i$03n--^5^^L. :^«^8 H @ (i .i:>^^J!&-7 - - (Dimx^ ^ ^-9- 
;i/3^T • 5 ^v^iii^tc^-rsi^'ft (£J.T. MF20l^t4) iSfflJia (nn--) 7&*||S$tL<S 

m\ztj:\)^ -^of^. ^«l2sg|^r^^;^-e>^6i^l«'C^^m>{^^mmLy::o ^ci-e. *^«3b 

mt^h >^ ^ym^n (150 ng/mL) 'Sr'^tf^^fa-^^* L7tESIIBJ!&^ST2«±HJia L> $ 
?»tC^^«M$&f^2B^. (150 ng/mL) ^^-^tfitSfe-C:^* Lt^o ^*^ll7H^i- 

o J^y (-) PESSBJ!aSr»«L;^c*&'g-, 7 -^^-±-c?^^$tL7tES«fi5l5=rn^~ 
<7)60%!i/6«MF20IH4T'*o7^>:Otc*tL. y ^y (+) ^-e(i90%Jii_h(75 3 n ^-,6S|^'^T-ab 
L;6^^) no^-^3tcMF20l^ttm>5-*i]&i6-2,«!j'g-i. ^ ^y (-) pfcJtKLT, 

<ig< =&-p-cv^7to tfz. J^y (+) ^T-{iie»itt.c>^mibi^^tcm3iL. ( 

-) ^x\ty ^-^-±ri^w^i^'^fLfz^mu^^^^--mmmm.ifi^-m\^fzmzn\. 
. y^y (+) wxm^mo%<ouu=.-ximf>^Wim-^fi'tzo 

[0 0 9 3 ] 

(^MM6 : ^-r^ y^mKi,^Y^mm.^^'L'^mmm.<Dd!,Mmw^^) 

y^ytmm. mpry9'=t:^7. y t LX(Di^m^mir:itif)mhtix\^^^=t~r^ y 
^^'C^^fiii^mtcov^T, y^y(D^^titm.-^nLtzo =^-^4 ymj^^tLxit. 

rUIRco V =jy\£i-y h ' =i-r^ y-F c ^^^m&K (Recombinant Mouse Chordin/ 

Fc Chimera; MD systemstt) (mT> M^K [a-f^^ y (^SM) J t^-t^) 

LfZo y^y (500 ng/mL) . Xii^t-r^y (500 ng/mL) ^^JflL^c^flfe, X{±ift,<b 
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[0 0 9 4] 

150 ng/mL) . Xti^-f-f (150ng/mL) ^mMLtz^M. X}±i:'*> 'b<^H^'baL 

, a-f^V (150ng/mL) =^r^ini--5P t . » L^rV^P^^^g L/Co 
[0 0 9 5] 

Esmm^ML. y ^> tmm(0'L^m^immMi7^i-:: t^^^it>xmux'^fzo ttz. 
EBM^mmBm='-r^ yfskmL. EB?fM^t±=i-T'o=£-aL^36»o/c^ m^c-* 
(-)) . RmBfmm(03BriHi:3~r^yii!im'^ir. EBmm^iz^-r^>^mmL-rzm 

[0 0 9 6] 

BMPT^:5^ rf~X h LT. 7 5fU;^^-?^>. ijuvy-^ (Caronte ; - 

7 h V<^-9— ^7;^) , ^^VA U :^04ffi<^BMPT>'i' ;^ h ('fpr^^^LR^a) systemsttM 
(^)Fc^^ 7MU hSeK^r-ffiffl) O^mt^WL/^o ±iao^mBMPT > ^ =f 

h (150 ng/mL) tr^iJP L^c:^Sfe, is J: £>WT > rJ' a'-X h =^MSn L^jV>:^SfeT-3B 
K^^^LTtESilia^^. rfTM<^^^:^«ffl7'l-- h (96;?t-v;i.f-yi.- h ; 7 

[0 0 9 7] 

tw^v^.L^^:9->fbMS?Ste^^1-C<»::6^?tET-#7^c: (Hi 0) o -^h^z^ BMPV-ty - 1 A 
-5 U 3 :^ (Recombinant Mouse BMPR-IA/Fc Chimera ; R&D systemstt) ^ 

[0 0 9 8] 

^m'SE.mx^^o ^(Dm-x^xi'^u^Ktz't-^m mm) mmt. 't^mmmmizmn^m 

[0 0 9 9] 

[mi] iiiiA(4. nw^mm^m^^fzEsmm. (ebs) (D^t-^m^itrnM^mzis^^x^ 
y^ym&n (500 ng/mL) (Dmm^i^^mmBomm.izRi'^i-^mo iiib{±. mm 

:^«&^fflV>/;ESm (EB3) O^iL^^^-fb^^^lCiSV^T. y^^gfiK (500 ng/mL 

im2] y ^>m-mmm(om\^>-fymmmB<7)iiimmi^Ri^-r9mo Esmm. (EBsm 
Rmmm) Jb^hEB^^^^-t, w-m^mmoBEiziiif&i&W)mB(Dmm^^M.m 

Lfzo 

. 10^ ISSmtwEB (EBSSBJiaftJ^) «:laIJlXU> #jl^^Of|^=£-p-</*o TEF-1 : tran 
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script ion enhancer factor-l> MEF-2c : muscle enhancement factor-2cs a-MHC : 
a -myosin heavy chain, MLC-2v I myosin light chain-2v, GAPDH : glyceraldehyde- 
3-phosphate dehydrogenase 

1114] w^m^mmoas<r>y^> (+) ^eb (eb3«*5^) 5*-'bM^ muLtz 

T^^-y, dim 

ims] ^m^mmoBu<Dy^> (+) wRv^y^y (-) ^eb (EBsmmmm 

I, e, f : a-T^i^->, g, h:ANP 

in 7] iii7A{i. v^-r-mm^m^^fz'L-m^immm^i^n^y^y^mmi 
sT2m7'f-^~±tcEs» (Ri) HmL. ^(D^m^^t^mLfzo mm 

8 B gtCjstt^eL-^-^V':^^ T • ^ ^v^iJL^*: (MF20) ici^^fefto n>5o ^: 

(-) ^{c*rj-Lp<o.oi 117 Bji. 7 ^ - ^s^-m^h^m^^fz't^m'^imm^jz 
isif^y^>^m(otmo sT2tt-7 Y-:j^-±tcEsm (Ri) ^muL. ^<r>'L>m 

^it^^nLfZo mU8 B BH*5tt'S)MF20IH±3n^-(7)mi^^o n>5o ^ : / 

^> (-) ^kmlpko.oi iii7C{i. y ^ ~ ^-mm'^m^^fz't->m»mm^jzi^ 

'fk^^ff L/^o mmi 2 BBlCiJtt'2>4ei*tt=in--ofijig^„ n>5o ^ : 
> (-) PtC^:tLp<0.01 

11381 MfS^^fe^^V^f^ESM (RI) <7)'L-^^^^mm^l.ZiS\,^X. rr-T'-f ^-H 
(500 ng/mL) C»^^^75-'tti&14EB<^^Um^32^.^^-rf^^S•^ (500 ng/ 

mL) ^*n^fcJfctS!L^i^^o :^«B^{4, tT>i-ib<^ B^o n=8o 

^:*^iPP (-) jk^f Lp<0. 01 

[III9] ^mi^m^^m^^fzEsmm (rd «^'i:-^:8-<bit«^tci3v>T. n-r'-f >m 

(150 ng/mL) c^^ijn^5|SKimBommic:sLtJi-i^^o c: n-f-r >^Sn> n: 

y'^V (150ng/mL) ^j&D, (-) : il^JPo EB?^^t?r<Odg!.ai:EB5^^t^<^izn,31=Sr T 

[mi 0] n-m^m^^i:m^^fzEsmm (rd o.l:^^^:0-'^t;|f^^^c^-v^T. ^^bmpt 

hg^g (^150 ng/mL) <^^Un^^'ffii&^B(0£B^i;;5.t?-r^#o 
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SEQUENCE LISTING 



<I10> FUKUDA Keiichi 

<i2o> nmmi)^ib^mmm^^<mmir^ifm 

<130> 

<160> 16 

<210> 1 
<211> 20 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> for forward primer for amplifying GATA-4 
<400> 1 

ctgtcatctc actat^gca 20 



<210> 2 
<211> 20 
<212> DNA 

<213> Artificial sequence 

<220> 

<223> for reverse primer for aiq)lifying GATA-4 
<400> 2 

ccaagtccga gcaggaattt 20 



<210> 3 
<211> 20 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> for forward primer for amplifying TEF-1 
<400> 3 

aagacgtcaa gccctttgtg 20 



<210> 4 
<211> 20 
<212> DNA 

<213> Artificial sequence 
<220> 
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<400> 4 

aaaggagcac actttggtgg 20 

<210> 5 
<211> 20 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> for forward primer for amplifying Tbx-5 
<400> 5 

ggagcctgat tccaaagaca 20 

<210> 6 
<211> 20 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> for reverse primer for amplifying Tbx-5 
<400> 6 

ttcagccaca gttcacgttc 20 



<210> 7 
<211> 20 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> for forward primer for amplifying MEF-2c 
<400> 7 

agcaagaata cgatgccatc 



<210> 8 
<211> 20 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> for reverse primer for ainplifying MEF-2c 
<400> 8 

gaaggggtgg tggtacggtc 
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<210> 9 
<211> 23 
<212> DMA 

<213> Artificial sequence 
<220> 

<223> for forward primer for amplifying alphaMHC 

<400> 9 

ggaagagtga gcggccatca agg 23 



<210> 10 
<211> 22 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> for reverse primer for an5)lifying alphaMHC 
<400> 10 

ctgctggaga ggttattcct eg 22 



<210> 11 
<211> 20 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> for forward primer for amplifying MLC-2v 
<400> 11 

gccaagaagc ggatagaagg 20 



<210> 12 
<211> 20 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> for reverse primer for amplifying MLC-2v 
<400> 12 

ctgtggttca gggctcagtc 20 



<210> 13 
<211> 24 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> for forward primer for amplifying alpha-cardiac actin 
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<400> 13 

ctgagatgtc tctctctctc ttag 24 



<210> 14 
<21l> 20 
<212> DMA 

<213> Artificial sequence 
<220> 

<223> for reverse primer for amplifying alpha-cardiac actin 
<400> 14 

acaatgactg atgagagatg 20 

<210> 15 
<211> 19 
<212> DM 

<213> Artificial sequence 

<220> 

<223> for forward primer for amplifying GAPDH 
<400> 15 

ttcaacggca cagtcaagg 19 

<210> 16 
<211> 19 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> for reverse primer for amplifying GAPDH 
<400> 16 

catggactgt ggtcatgag 19 
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[III2] 
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[HIS] 
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7 10 
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